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ABSTRACT.  As an exemplary Kondo insulator, SmB6 has been studied for several decades; 
however, direct evidence for the development of the Kondo coherent state and the evolution of 
the electronic structure in the material has not been obtained due to the rather complicated 
electronic and thermal transport behavior. Recently, these open questions attracted increasing 
attention as the emergence of a time-reversal invariant topological surface state in the Kondo 
insulator has been suggested. Here, we use point-contact spectroscopy to reveal the temperature 
dependence of the electronic states in SmB6.  We demonstrate that SmB6 is a model Kondo 
insulator: below 100 K, the conductance spectra reflect the Kondo hybridization of Sm ions, but 
below ~ 30 K, signatures of inter-ion correlation effects clearly emerge. Moreover, we find 
evidence that the low-temperature insulating state of this exemplary Kondo lattice compound 
harbors conduction states on the surface, in support of predictions of nontrivial topology in 
Kondo insulators.  
Subject Areas: Condensed Matter Physics, Strongly Correlated Materials, Topological Insulators. 
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The many-body screening interaction between a single localized spin and a continuum of 
conduction electrons known as the Kondo effect is a well-established element of many physical 
systems, such as noble metals [1], quantum dots [2], and graphene [3], etc. When spins are 
arranged in a periodic array, or Kondo lattice, the hybridization leads further to the characteristic 
opening of an energy gap in the electronic density of states [4]. However, this signature in the 
electronic structure has not yet been unambiguously observed in Kondo insulators. 
Unlike conventional band insulators, a Kondo insulator (KI) features an energy gap in the 
electronic density of states (DOS) whose magnitude is strongly temperature-dependent and only 
fully developed at low temperatures. This sensitivity to temperature is rooted in the electronic 
interactions underlying the Kondo effect.  At high temperatures, localized spins on ions are only 
weakly coupled to the conduction electrons in their host material.  As the temperature is lowered 
below a material-dependent characteristic Kondo temperature, the localized spin states hybridize 
with the itinerant electrons, forming a many-body spin singlet state. When considering only a 
single isolated ion, the preceding description is enough, but in a Kondo lattice, the proximity of 
periodic ions brings into play additional correlations upon further cooling, resulting in the 
reconstruction of the electronic band structure and the formation of a hybridization gap in the 
DOS [4]. The KI is a special case of the Kondo lattice, in which the Fermi level or chemical 
potential falls in the gap (FIG. 1b), in contrast to heavy fermion metals [5], in which the Fermi 
level coincides with a finite (and large) DOS.  
Although this phenomenology is widely accepted, the experimental evidence for the 
temperature evolution of the electronic states in these complex systems is incomplete. An ideal 
tool to address the issue is quasiparticle tunneling spectroscopy, which directly probes the DOS. 
In the more straightforward case of a single-ion Kondo system, the conductance spectrum 
reflects the interference between the two paths that an injected electron can take (FIG. 1a): one 
directly to the itinerant electrons and the other indirectly through the hybridized many-body 
Kondo state. This interference causes a characteristic Fano resonance line shape [6], as first 
observed in scanning tunneling spectroscopy (STS) measurements on single magnetic adatoms 
embedded in normal metals [7].  
In a Kondo lattice, the development of the correlated ground state should substantially modify 
the Fano lineshape [8-18]. However, these effects have not been clearly observed in STS [13-16] 
and point-contact spectroscopy (PCS) [17,18] measurements on heavy-fermion metals. It is 
possible that signatures of correlation effects may be clouded by the presence of competing 
interactions underlying tendencies towards superconductivity, magnetism, or quantum criticality 
[4,5]. For example, substantial differences in the detailed characteristics and the temperature 
dependence of the conductance spectra obtained on URu2Si2 [13,14,18] hold different 
implications for the relationship between the Kondo ground state and the mysterious hidden 
order phase. In contrast, Kondo insulators, which lack competing ordered phases, make an 
attractive test bed for the study of electronic interactions in Kondo lattices.  
One such material is SmB6, which crystallizes as a simple cubic lattice of samarium ions 
separated by boron octahedra (inset of FIG. 1a). The basic ingredients of local-itinerant 
hybridization have long been recognized: the electronic configuration of the Sm ions fluctuates 
between 4f 6 (Sm2+) and 4f 55d (Sm3+), giving an effective valence of 2.5 at low temperatures 
[19,20]; there is a 20 meV gap in the optical conductivity [21];  the low temperature magnetic 
susceptibility is indicative of a nonmagnetic ground  state [22]; the temperature dependence of 
the electrical resistivity is insulating, increasing by several orders of magnitude upon cooling 
[23], while the carrier density decreases to 1017 cm-3 [24]. Yet, the validity of the Kondo 
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insulator description for SmB6 is not agreed upon [23,25-28]. One point of particular concern has 
been that there is finite electrical resistivity at very low temperatures, whereas in a fully gapped 
insulator it should be infinite [25-27]. Our new measurements clarify this issue, showing that 
SmB6 acts like a model Kondo insulator [8], and the absence of true insulating behavior at low 
temperatures reflects the influence of surface conducting states [29]. 
Point-contact spectroscopy is a versatile tool for the study of the electronic structure in various 
materials, including superconductors [30,31] and ferromagnets [32,33]. It has been demonstrated 
that the point-contact spectroscopy technique can be used to probe the bulk DOS and study the 
many-body interactions in strongly correlated materials [18, 34, also see Part I of the 
Supplementary Information]. Previous measurements on SmB6 [35-38] have reported an 
asymmetric line shape with gap-like features in the low-temperature point-contact spectroscopy, 
but a definitive explanation of the shape and temperature evolution are lacking. In our study, the 
temperature dependence of the differential point-contact conductance data, dI/dV, measured 
using a Ag/SmB6 junction is summarized in FIG. 1c. Below 100 K, the zero-bias conductance 
starts to decrease, forming a trough with a half-width of about 20 mV at low temperatures (FIG. 
2a).  The emergence of this feature reflects the onset of Kondo hybridization between the Sm 
local moments and the conduction electrons and is consistent with other properties. At a similar 
temperature, the magnetic susceptibility deviates from high-temperature independent-spin 
paramagnetism, leading to a broad hump at lower temperatures [22]. X-ray absorption 
spectroscopy studies also show a substantial decrease in Sm valence starting at about 100 K [19]. 
In addition, angle-resolved photoemission measurements indicate that a gap in the DOS opens at 
about 100 K [28]. As temperature decreases, the point-contact conductance spectrum develops an 
asymmetry that becomes especially pronounced below 40 K, where a conductance peak clearly 
appears at 20 mV.  Although the relationship between similar spectroscopy features and Kondo 
hybridization was previously questioned [37], upon quantitative examination of our conductance 
spectra, it becomes clear that the asymmetric peak-trough structure matches theoretical 
predictions for tunneling into Kondo lattices [8-12]. 
Beginning with the classical Fano spectral line shape [6], the differential conductance is given 
by 
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where E0 is the Kondo resonance energy, Γ is the full width at half maximum, and q is the Fano 
factor, which reflects the ratio of probabilities between the two tunneling paths. The best Fano 
resonance fits (Supplementary information) are presented as dashed curves in FIG. 2a. Clearly, 
the classical Fano model provides a quantitative description for the development of the zero-bias 
dip as well as the asymmetric conductance lineshape as temperature decreases. In particular, the 
simulations well captured the conductance spectra at temperatures in a broad range from 100 K 
to 30 K. Moreover, the temperature dependence of the fitting parameters (Supplementary 
Information) establishes a phenomenological understanding for the asymmetric point-contact 
spectroscopy in the framework of Kondo resonance. Despite the great success in applying the 
classical Fano model, we noticed that the original Fano resonance lineshape fails to precisely 
describe the conductance spectra below 30 K, or once the asymmetric peak structure at 20 mV 
becomes evident. 
It is important to note that the classical Fano line shape (Eq. 1) explains the tunneling spectrum 
of single magnetic impurity systems, in which the DOS is temperature independent and the 
thermal evolution of the spectrum is solely attributed to the Kondo resonance. In contrast, the 
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local moments in Kondo lattices are strongly coupled to each other; and the collective 
interactions result in a reconstruction of the electronic DOS that must be simultaneously 
considered. Indeed, recent studies on heavy-fermion metals [15,18] have also suggested the 
inadequacy of the classical Fano analysis.  
To account for the evolution of the electronic structure in Kondo lattices, Maltseva et al. [8] 
calculated the tunneling current based on the large-N mean field theory. The differential 
tunneling conductance obtained in the study is given by   
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where –D1 and D2 are respectively the lower and the upper conduction band edges, 2D = D1+D2 
is the bandwidth, ∆ is the width of the Kondo resonance, λ is the renormalized f-level and 2Ф is 
the direct gap in momentum space. The Fano factor q = (Фtf)/(∆tc), where tf and tc are the matrix 
amplitudes for tunneling into the Kondo states and into the itinerant electrons, respectively. 
Finally, the indirect hybridization gap ∆hyb. is given by 2Ф2/D. To represent the quasiparticle 
broadening effect, a γ0 term is introduced [39]. As a consequence, the energy, eV, in Eq. 2 is 
replaced by eV-iγ0. With a background representing the DOS at high temperatures, the best fits 
(Supplementary information) to our experimental data based on Eq. 2 are shown as solid lines in 
FIG. 2a. The results indicate a nearly constant λ term of ~0.5 meV in the whole temperature 
range (FIG. 2b), suggesting that the renormalized f-level is pinned slightly above the Fermi-level 
of the Kondo insulator. The simulations also result in a constant Kondo resonance width of about 
6.7 mV, which is consistent with the scale of the Kondo temperature (~80 K). FIG. 2e shows the 
temperature dependence of the hybridization gap calculated from the hybridization amplitude 
(FIG. 2d) and the band width. At temperatures below 30 K, the hybridization gap retains a 
constant value of about 18 meV, which is consistent with the gap size determined by low-
temperature resistivity [23,40], specific heat [41], and optical reflectivity studies [21]. The 
hybridization gap decreases at higher temperatures and completely vanishes at a temperature 
around 100 K.  
The remarkable agreement between our experimental data and the model of Maltseva et al. 
(Eq. 2) [8] provides the first direct evidence for the simultaneous development of the Kondo 
coherent state and the hybridization gap in a Kondo insulator. Based on the temperature range 
(30-40 K) where the classical Fano lineshape fails to adequately describe the data, we conclude 
that correlation effects and the ensuing change in the DOS play a physically significant role at 
surprisingly high temperatures. In fact, in this temperature range, the electrical resistivity 
increases dramatically and the Hall voltage changes sign [24], which links the telltale 
characteristics of SmB6 convincingly to Kondo correlation effects. 
One unaddressed question remains, however, and it is central to the controversy surrounding 
the proper description of SmB6: why does the resistivity not diverge, but become temperature-
independent below 4 K (FIG. 3a)?  The answer has typically been that it is due to in-gap states 
[42], either due to impurities, incomplete hybridization, or some more exotic scenario.  There is 
surprisingly little direct evidence that any in-gap bound states exist – claims of a 3.5 meV 
activation energy are based on fits to resistivity data from 5-50 K, specifically in a temperature 
range where the hybridization gap is temperature dependent and activated behavior would not be 
expected.     
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A solution to this conundrum was suggested recently by Dzero et al. in their groundbreaking 
proposal of topological Kondo insulators [29], where SmB6 was singled out as the best candidate 
for realizing a strong topological insulator. It is widely believed that the unusual residual 
resistivity results from the presence of a metallic in-gap conduction channel at low temperatures, 
and candidate states have been proposed to exist in the bulk or on the surface (FIG. 3b and 3c). 
Our spectroscopic measurements of the bulk Kondo insulator state allow us to determine which 
of these scenarios is correct.  If the saturation of the bulk resistivity were due to the coherent 
transport of bulk in-gap states [20,40,42], the electronic structure would change at ~ 4 K as a 
coherent conduction channel develops. In terms of spectroscopy, the enhanced DOS at the Fermi 
level would lead to a zero-bias peak in the point-contact spectroscopy measurement, or at the 
very least excess spectral weight. Instead, our results suggest that the bulk DOS is stable and 
constant in the entire temperature range below 10 K. Thus we rule out the presence of bulk in-
gap states. It is clear then that the temperature dependence of the electrical resistivity must reflect 
a competition between the true Kondo insulator in the bulk and a metallic surface state.  Within 
this picture, the resistivity of SmB6 crystals reflects the activated behavior due to the presence of 
the hybridization gap in the bulk [20,42] except at the lowest temperatures where surface 
conduction becomes predominant. As shown in FIG. 3d, a simple two-channel transport 
simulation based on this picture clearly indicates that the bulk resistivity approaches a saturation 
point at ~4 K. Despite the success of this explanation, we note that the topological character of 
the surface metallic states has yet to be determined.  For example, the presence of topologically 
trivial surface electronic states might arise from electronic or structural surface reconstruction, as 
possibly exemplified by a higher Sm3+/Sm2+ ratio at the surface of SmB6 [43].  To address this 
critical question, surface-dominant tunneling spectroscopic measurements are currently being 
pursued.  
During the review of this manuscript, two preprints posted on arXiv [44,45] have given 
transport evidence for a conducting surface state in SmB6 at low temperatures. This is a direct 
confirmation of the conclusions of our point-contact spectroscopy studies of SmB6 reported here.  
The authors acknowledge fruitful discussions with A. Nicolaou, J. Zhou, G. Levy, and A. 
Damascelli at University of British Columbia, V. Galitski at University of Maryland, and M. 
Dzero at Kent State University. We especially thank Laura H. Greene of University of Illinois at 
Urbana-Champaign for her thoughtful comments and suggestions. X. Z. and N. P. B. would also 
like to thank K. Jin, S. R. Saha and R. W. Hu for technical assistance. The work at University of 
Maryland was supported in part by the NSF under Grant Nos. DMR-1104256 and DMR-
0952716, and the AFOSR-MURI under Grant No. FA9550-09-1-0603. 
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FIG. 1. (a) A schematic view for a Ag/Sm6 junction. A Fano-like conductance spectrum is 
expected due to the interference of the two electron paths as indicated by two green arrows: one 
is directly into the itinerant electron states (right side), thus should reflect the DOS; the other is 
indirectly into the electron sea through a spin-singlet Kondo state (left side).  Inset: the crystal 
structure of SmB6 single crystal. The Sm ions form a simple cubic structure. (b) A schematic 
view of the DOS for the ground state of SmB6. In point-contact spectroscopy measurement, 
quasiparticle broadening should be taken into account as indicated by the green dashed line. The 
blue solid curve is the expected spectrum with Fano resonance. μ is the chemical potential while 
λ is the renormalized f-level. (c) The contour map of the normalized conductance in bias voltage-
temperature (V-T) plane. All conductance data were normalized by the spectrum conductance 
obtained at 150 K. As indicated by the color label, red and blue colors are used to represent 
values below 0.7 and above 1.1, respectively. At temperatures above ~ 90 K, the conductance 
spectroscopy of the junction is highly symmetric with negligible temperature dependence due to 
the weak interaction between electrons and local moments. From 90 K to 30 K, the zero-bias 
conductance is gradually suppressed while an asymmetric conductance lineshape develops. In 
this temperature range, the conductance spectrum can be described by the single-ion resonance 
model. Below ~ 30 K, the conductance spectra are clearly asymmetric with a dip at zero bias and 
a peak at 20 mV. As discussed in the main text, this strongly asymmetric conductance lineshape 
provides a direct evidence for the inter-ion correlations in the Kondo lattice system.      
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FIG. 2. (a) The observed conductance spectra with the best fits to the classical Fano resonance 
line shape (Eq. 1 and dashed lines) and to the tunneling model for Kondo lattices (Eq. 2 and solid 
lines), respectively. For clarity, only the spectrum and the simulations for 2 K are plotted with 
the actual value, while other curves are vertically shifted; (b) (c) and (d) show the temperature 
dependence of λ (renormalized f-level), Δ (Kondo resonance width), and Ф (half of the direct gap 
size), respectively used in the Kondo lattice tunneling simulations. The dashed line in (b) and (c) 
suggest that both the renormalized f-level and the Kondo gap width are nearly temperature 
independent in the entire temperature range below 100 K; (e) The temperature dependence of the 
hybridization gap extracted from the hybridization amplitude and the band width D based on the 
Kondo lattice tunneling model. The dashed line in (e) represents a smooth trend of the size of the 
hybridization gap as the temperature changes. The extrapolation of the curve suggests that the 
hybridization gap vanishes at a temperature around 100 K. 
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FIG. 3. (a) Temperature dependence of electrical resistivity of a SmB6 single crystal (blue) and 
the resistance of a Ag/SmB6 junction (pink). Compared to the four-order of magnitude increase 
in the resistivity and a significant suppression below 4 K for SmB6 single crystals, the 
temperature dependence of the Ag/SmB6 junction resistance exhibits a rather different behavior 
with an overall increase of about 2 in the measured temperature range and a low-temperature 
saturation below ~ 10 K. The dashed lines indicate that the junction resistance holds a constant 
value at temperatures above ~ 100 K while the resistivity of bulk single-crystals shows an 
activation behavior in the same temperature range.  (b) Schematic view of the DOS in SmB6 
without the presence of a surface state. It is expected that the coherent transport of the bulk in-
gap bound states (green area) leads to the suppression in resistivity at temperatures below 4 K; 
(c) The DOS in SmB6 with the emergence of a surface state at low temperature. The finite 
residue resistivity of the material is due to the presence of a conducting surface state. Both 
topological surface states (orange) and conventional two-dimension electron gas (blue) could 
lead to such a metallic 2D conduction; (d) Simulation of the measured resistivity in the scenario 
that a metallic-like surface state dominates the conductance at low temperatures. The overall 
conductivity is the sum of two conduction channels: the surface conduction (green) and the 
intrinsic bulk conduction (blue). The measured resistivity approaches the saturation point at a 
temperature around 4 K. 
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I. Method Summary 
The SmB6 single crystals used in this study were grown by the aluminum-flux method. Soft 
point-contact junctions were fabricated on fresh single crystals with silver paste as the 
counterelectrodes. The crystals were rinsed by diluted NaOH solution prior to junction 
fabrication in order to remove possible residual flux at the surface. The sizes of the Ag/SmB6 
contacts were controlled to be about 100 µm in diameter and the measured junction resistance 
ranged from ~200 Ω to ~2 kΩ. Our junctions showed essentially the same conductance 
spectroscopy and quantitative analyses presented here are focused on a representative junction. 
Throughout this work, the bias voltage is defined as the electric potential of the SmB6 crystal 
with respect to the silver electrode. 
Previous experimental work has indicated that the point-contact spectroscopy technique is a 
powerful probe for bulk electronic properties in strongly correlated materials [18 and 34]. 
Moreover, we have carefully examined for possible junction interface effects that are not related 
to the bulk properties of SmB6. First, the conductance spectra measured on our Ag/SmB6 
junctions are highly symmetric at temperatures above ~120 K, which rules out the possibility of 
a Fermi-level mismatch-induced asymmetric behavior in the measurement. Moreover, as shown 
in FIG. 3a, the zero-bias junction resistance (also see FIG. S2c in linear scale) is nearly 
temperature independent from 300 K down to about 150 K and only shows an increase of about 
two in the entire measured temperature range. This temperature dependence is clearly different 
from that of the bulk resistivity of SmB6 single crystal (also see FIG. S1a). The latter shows an 
overall increase of four orders of magnitude in the temperature range from 300 K to about 4 K. 
Therefore, the measured junction resistance is not dominated by the bulk resistance of SmB6 
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single crystal.  Taking all these facts together, we conclude that our point-contact spectroscopy 
measurements indeed detect the bulk electronic states of SmB6.  
II. Crystal characterization 
In this study, SmB6 single crystals grown by the aluminum-flux method [S1] are in 
rectangular-solid shape with each edge measured typically several hundreds of micrometers. A 
representative scanning electron micrograph of the crystals is shown in the inset of Figure S1a.  
The resistivity of the single crystals shows an overall four order of magnitude increase from 
room temperature to 2 K (Figure S1a). A Curie-Weiss like behavior at temperatures above 100 K 
is observed in the magnetic susceptibility of the single crystals (Figure S1b). The susceptibility 
data is suppressed from the Curie-Weiss behavior and shows a broad hump at low temperatures.  
 
III. Scaling of the peak observed at ~ 20 meV  
As a direct evidence for the asymmetric line shape, a peak consistently appears at a positive 
bias voltage of about 20 meV in low-temperature conductance spectra. To further study the peak 
as to its origin, we first estimated the height of the peak for each temperature: a fit to the curve 
obtained at 100 K was subtracted from each conductance spectrum as a background (Figure S2a 
and S2b) and the peak value was then read from the subtracted spectrum. Here, h(T) was used to 
denote the height of the peak at temperature T. To compare the temperature dependence of the 
peak at 20 mV with that of the zero-bias junction resistance, we rescaled the peak height as  
)()( ThahTH 0 ×+=     (S1) 
By choosing proper values respectively for the two constants, a and h0, we were able to 
demonstrate that the two features show essentially the same temperature dependence (Figure 
S2c), which strongly suggests that the dip at zero-bias and the peak at 20 mV have the same 
physical origination. 
 
IV. Fitting the conductance spectra to the classic Fano formula 
To fit the conductance spectra, the conductance spectrum obtained at 100 K was used to 
describe the background. Based on the classic Fano line shape, the overall conductance spectrum 
at each temperature is described by 
                                      )()()( VGwVGVG CFCFK100 +=     (S2) 
where CFw is a weight factor, )(VGCF is the classic Fano line shape (Eq. 1 of the main text), 
while )(VG K100 is the background.  A fitting example to the classic Fano formula is shown in 
Figure S3a.  
The simulation results for each temperature have been demonstrated in Figure 2a of the main 
text.  Consistent with the temperature dependence of the asymmetric conductance line shape, the 
Fano factor q (Figure S4a) used in the simulation holds a nearly constant value of ~ 4.5 meV at 
low temperatures and then gradually diminishes with increasing temperature, indicating the 
decrease of the coherent proportion. The temperature dependence points to a zero Fano factor at 
90-100 K. The Kondo resonance energy E0 (Figure S4b), however, shows no significant 
temperature dependence in the entire temperature range within the uncertainty of our simulation. 
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In the single magnetic impurity model, the broadening of the Fano resonance width at finite 
temperatures is given by [S2]  
  2KB
2
B Tk2Tk2 )()( +=Γ π                                (S3) 
where kB is the Boltzmann constant. A fit to the extracted low-temperature resonance width 
(Figure S4c) yielded a Kondo temperature of 75 ± 5 K, consistent with the initial temperature at 
which the asymmetric conductance lineshape starts to develop.  
 
V. Fitting the conductance spectra to the Kondo lattice tunneling model  
In the modified Fano model, both the opening of the hybridization gap and the Fano resonance 
are considered. Again, the conductance spectrum obtained at 100 K was used to describe the 
background. The conductance spectrum is then given by 
)()()( VGwVGVG MFMFK100 +=     (S4) 
where MFw is a weight factor, )(VGMF is the modified Fano line shape (Eq. 2 of the main text), 
while )(VG K100 is the background. With a background taken at a temperature higher than the 
Kondo temperature of the system, the variations in the point-contact conductance spectroscopy at 
lower temperatures are clearly due to the collective effect of the Fano resonance and the opening 
of the hybridization gap. A fitting example to the modified Fano formula is shown in Figure S3b.  
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Figure S1. (a) Temperature dependence of the bulk resistivity of SmB6 single crystals. Inset: a 
representative image of the single crystals. (b) Temperature dependence of the magnetic 
susceptibility of SmB6 single crystals. 
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Figure S2. (a) and (b) An example for the estimate of the peak height at around 20 mV: (a) as the 
background, a fit to the conductance spectrum at 100 K (red line) is subtracted from the raw data 
(connected black dots); (b) the peak height is directly read from the subtracted spectrum. (c) 
Scaling of the peak height with the zero-bias junction resistance based on Eq. S1.  
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Figure S3. (a) A fitting example based on the classical Fano line shape (Eq. 1 of the main text). 
The green line is generated from the classic Fano formula with fitting parameters: q = 0.38, E0 = 
4 meV, and Γ = 28 meV. The blue dashed line represents the background of the spectrum, which 
is a fit to the spectrum obtained at 100 K (gray open circles). The pink curve is the fit to the 
experimental data obtained at 40 K (black open circles). (b) A fitting example based on the 
Kondo lattice tunneling model (Eq. 2 of the main text). The green line is generated by the Kondo 
lattice tunneling model with fitting parameters: D1 = 12 mV, D2 = 18 mV, Ф = 10.8 meV, ∆ = 
6.9 meV, λ = 0.1 meV, q = 31, tc = 0.9, and γ0 = 29 meV. Again, the blue dashed line represents 
the background of the spectrum measured at 100 K. The pink curve is the fit to the experimental 
data obtained at 40 K (black open circles). 
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Figure S4. The temperature dependence of the fitting parameters used in the classical Fano 
resonance simulations (Eq. 1 and dashed curves in Figure 2a of the main text): (a) the Fano 
factor q; (b) the resonance energy E0; and (c) the full width at half maximum (FWHM) Γ. a 
smooth trend of Fano factor indicated by the dashed curve in (a) suggests that the Fano 
resonance vanishes at a temperature around 100 K. The resonance energy remains a nearly 
constant in the whole temperature range as indicated by the dashed line in (b). The dashed curve 
in (c) is a fit to Eq. S3 as discussed in the text.  
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